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ABSTRACT 
The purpose of this study is to determine if a common one-repetition maximum 
(lRM) prediction equation can accurately estimate a measured lRM in the bench press in 
trained and novice lifters when performing a repetitions-to-failure test and to propose new 
equations, if appropriate, for these groups. Subjects were 14 NCAA Division I football 
players (trained lifters) and 14 male college students (novice lifters) enrolled in a weight 
training course. Each subject performed a lRM test to establish maximum isotonic strength 
in the bench press. Subjects then performed as many repetitions as possible, using a load that 
was 75 percent of their measured IRM. Trained lifters completed 5 repetitions and novice 
lifters completed 12 repetitions, suggesting that 7 5 percent of 1 RM does not yield an 
appropriate intensity for eliciting 10 repetitions-to-failure. Based on this performance, the 
subjects performed a third test, using a load that was adjusted in an attempt for all subjects to 
be able to perform 10 repetitions. Trained lifters used a load that averaged 64 percent of their 
measured IRM and performed an average of 11 repetitions for this test. Novice lifters used a 
load that averaged 80 percent of their measured 1 RM and performed an average of 11 
repetitions. Based on the data collected from each group, separate equations were developed 
to predict IRM for each group when 10 repetitions are performed in a repetitions-to-failure 
test. The equation for the trained lifters was: Predicted lRM = (weight lifted- 11.4)/0.624. 
The equation for the novice lifters was: Predicted lRM = (weight lifted- 32.1)/0.504. 
These equations were not significantly different and data from all subjects was combined to 
form a more general equation which may be used for both trained and novice lifters: 
Predicted lRM = (weight lifted - 31.4)/0.498. These 3 equations should accurately predict 
IRM, with a small degree of error, when used with individuals that are similar to those 
evaluated in this study. 
Vll 
INTRODUCTION 
Strength testing is a common means to assess maximum muscular strength in an 
individual. In addition to evaluating maximum isotonic strength, testing can reveal relative 
weaknesses in strength, potential for injury due to a muscle imbalance that may exist, and 
can be used to show improvements in strength from one testing period to another (1). This 
testing is used in a variety of populations, ranging from recreational weight lifters to 
competitive lifters and strength athletes to elite athletes training for various sports. A 
common method for testing maximum muscular strength is the performance of a one 
repetition maximum (lRM). A lRM is the maximal amount of weight an individual can lift 
through the full range of motion of a given lift for one repetition. The maximum weight that 
is lifted would be considered 100 percent of a person's 1 RM. This method of determining a 
IRM is beneficial in that, when performed correctly, it will provide the most accurate 
indicator of one's maximum muscular strength for that exercise. 
1 
This form of strength testing, however, does have its disadvantages. When 
attempting maximal lifts, the small potential for injury, may be increased, although minimal 
injury data is available (18). In order to obtain the most accurate measure possible in a 1 RM 
test, the training done prior to the test must be specific to the exercise and the testing method 
being used (7, 11 ). The individual needs to be prepared for the physiological, biomechanical, 
and psychological demands of the IRM test by lifting near-maximal loads during their 
training. By training with near-maximal loads, the individual will be accustomed to handling 
heavier loads by using proper technique and also by more effectively recruiting high-
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threshold motor units that are required for maximal force production (7). A novice lifter may 
not have experience handling near-maximal loads and may not lift with proper technique. 
Due to this lack of specific training, a novice lifter may not be prepared to achieve maximal 
results when performing a 1 RM test. 
It may not be feasible to perform a lRM due to the factors mentioned above, or 
because of time constraints, lack of trained personnel supervising, or the individual may not 
be at a point in their training cycle which would allow them to perform a 1 RM test to 
evaluate their strength. The individual may not be able to dedicate a workout to lRM testing 
in place of a scheduled normal training session, which would be part of their overall training 
program. If one or more of these conditions exist, other methods should be considered to 
evaluate strength levels. Using a sub-maximal load and performing a repetitions-to-failure 
test is one of the more researched methods of estimating isotonic strength (12, 13, 17, 18, 19, 
21). Using this method, the individual will self-select or be assigned a sub-maximal weight 
and perform as many repetitions as possible until they cannot perform another repetition 
correctly. Then, using one of the many conversion equations or percentage charts available, 
the individual would use the weight lifted and the number of repetitions performed to 
estimate his or her lRM. The accuracy of several lRM prediction equations and how they 
were developed and tested is not well known (8, 9, 14, 16, 20, 22). How well these equations 
can be applied to those with varying training histories is also not well known. Separate 
equations may be needed to predict 1 RM for different individuals, based on their training 
status. Ware et al. (21) showed that some equations may not be as accurate in predicting a 
bench press 1 RM in strength trained athletes as they are in predicting 1 RM in untrained or 
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moderately strength trained individuals. Therefore, the purpose of this study is to determine 
if a commonly used 1 RM prediction equation can accurately estimate a 1 RM in the bench 
press in both trained lifters and novice lifters when lifting 75 percent of their actual lRM and 
to propose new equations, if appropriate, for trained and novice weight lifters. 
LITERATURE REVIEW 
Performing 1 RM strength tests are sometimes not practical for lifters to perform. As 
stated earlier, there are several possible reasons for this. The first is that the coach or 
supervisor may not have enough time to administer lRM tests to a large group oflifters or 
entire athletic team. An individual may have to make as many as 5 attempts on the bench 
press to successfully lift the highest weight possible (21 ). When performing exercise of this 
nature, for best results, it is recommended to take between 3 and 5 minutes of rest time in 
between each attempt (24). Performing a lRM test could take from 15 to 25 minutes to 
perform after the warm-up is completed. When performing a repetitions-to-failure test, only 
one set is performed after the warm-up is completed, potentially saving as much as 25 
minutes. Using the repetitions-to-failure test and a prediction equation, if accurate, can be 
much more time efficient than performing a 1 RM test. 
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The point an individual is at in his or her training cycle can also determine whether or 
not a 1 RM test should be performed. Individual strength training programs are commonly 
designed by basing training loads on a certain percentage of their lRM. In a periodized 
program, these percentages and loads will vary as the training program progresses in an 
effort to maximize potential strength gains and to avoid overtraining (22, 25). An 
individual's lRM may occasionally need to be re-evaluated throughout the training cycle "to 
ensure that progress in maximum strength is achieved" and so that the training loads are 
adjusted to reflect any strength gains that have been made during the course of the cycle (5). 
If it is necessary to re-evaluate a 1 RM in the middle of a training cycle, it would be more 
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time efficient to perform a repetitions-to-failure test as part of one's training instead of taking 
a whole training session to perform a lRM test. Performing the repetitions-to-failure test 
could be done within the parameters of the training without disrupting the rest of the training 
session and would not be as disruptive to the overall training cycle as would be a 1 RM test. 
If the lifter is at the end of a training cycle, is physically prepared for the test, and has the 
necessary competent supervisors to administer the testing, then it would be beneficial to 
designate a training session(s) to perform actual !RM tests for the chosen lift(s). These data 
would more accurately represent a person's actual maximal muscular strength in a lift than 
would a repetitions-to-failure test. 
Lastly, the individual must be prepared physically to perform a IRM test. This 
primarily pertains to the specificity of one's training. According to Brooks et al., "The 
principle of specificity requires that the training regimen overload the metabolic system that 
supports the activity" (7). When examining which energy system primarily supports an 
activity, the length of the activity determines which system will be used. An activity lasting 
from zero to approximately 10 seconds will mainly depend on the ATP-CP system for the 
energy necessary to perform the work. Anaerobic glycolysis will provide energy for 
activities lasting from approximately 10 seconds to 1 minute. Activities lasting 
approximately 1 minute and longer will rely on oxidative metabolism as a fuel source (7). 
This has an impact on strength training, as different sets will vary in the number of 
repetitions performed, which affects the duration and intensity of the activity and thus the 
energy system necessary to fuel the exercise. A set consisting of one repetition, or a maximal 
one-repetition attempt, will take 5 seconds or less and use energy primarily generated from 
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stored ATP-CP (7). A set consisting of 5 to 10 repetitions could last from approximately 10 
seconds to 30 seconds and will rely more heavily on anaerobic glycolysis than a set 
consisting of one, two, or three repetitions using maximal or near-maximal weight (7). If an 
individual has spent a majority of their training time performing sets consisting of higher 
numbers of repetitions (i.e. approximately 6-8 repetitions or higher), he or she will likely 
achieve better testing results by performing a set of repetitions-to-failure rather than one 
maximal repetition at the heaviest weight possible. The opposite will hold true for a lifter 
who has been training using sets consisting of less than 6 repetitions, and especially 1, 2, or 3 
repetitions. This lifter may achieve better and more accurate testing results by performing an 
actual lRM test rather than performing one set of repetitions-to-failure. In order to have a 
successful and accurate 1 RM attempt, the training of the lifter's metabolic systems should 
match the demands of the chosen method of testing. 
Once a lRM is established, the lifter can use the lRM prediction equation to assign 
appropriate training loads when using periodized strength-training program. Periodization is 
a type of strength program design that systematically utilizes different strength cycles over 
the course of the training program. This type of program has been shown to be more 
effective at increasing maximum strength than programs using a consistently high volume 
(total number ofrepetitions performed). These cycles will feature varying levels of intensity 
and volume in order to achieve peak levels of sport-specific strength and at the same time 
prevent over-training (5). Training loads (intensity) for each cycle vary, and will be assigned 
as a certain percentage of the person's lRM. These loads will vary depending on what the 
strength goal is for that specific cycle (5). The individual needs to train at the proper 
percentages of lRM throughout the cycles to achieve maximal results (23). For example, on 
a given day, a lifter is to perform 3 sets of 10 repetitions on each exercise. This individual 
has a training plan that calls for the first set to be performed at 65% of the lRM, 70% for the 
second set, and 75% for the last set. By assigning the intensity as a percentage of lRM, the 
lifter can calculate the exact weight needed for each set, instead of guessing what training 
weights should be used. Ideally, the lifter would want to be able to perform at least 10 
repetitions on the final set, and no more. To determine this optimal load, an equation is 
needed that would provide a percentage of 1 RM that would correctly correlate with 10 
repetitions resulting in failure for that lifter. This would also be applicable for other 
variations of sets and repetitions, as a different percentage of the lRM would be necessary 
when performing a set of 5 repetitions, for example, to assign one's training weights. 
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There are times when a repetitions-to-failure test must be used for testing or it may be 
more efficient to use this method in certain situations. When this is necessary, the coach, 
trainer, or lifter must be able to know that this method of determining a lRM is accurate. 
This method must also be able to accurately derive strength-training percentages so the user 
is able to calculate correct training weights. The equation used to determine the 1 RM or to 
assign training weight must also be able to accurately cover a broad spectrum of populations, 
or different equations may need to be developed for each of the different populations. These 
populations can include, but are not limited to: trained lifters, novice lifters, females, males, 
teenagers, and elderly. There are several different equations available for predicting a lifter's 
lRM from a repetitions-to-failure test. 
Authors 
Brzycki(8) 
Epley(9) 
Lander(14) 
Lombardi( 16) 
Mayhew et al.(17) 
O'Connor et al.(20) 
Wathen(22) 
Table 1 
lRM Equations 
Predicted lRM= 
wt lifted*100/(102.78-2.78*reps) 
(0.033*reps)wt lifted+ wt lifted 
wt lifted* 100/(101.3-2.67123*reps) 
wt lifted*reps/\0.1 
wt lifted* 100/ 
(52.2 + [41.9*eA(-0.055*reps)]) 
(0.025*reps)wt lifted+ wt lifted 
wt lifted* 100/ 
(48.8 + [53.8*e/\(-0.075*reps)]) 
Definitions: lRM = One Repetition Maximum 
Rep(s) = Number ofrepetition(s) performed 
Wt lifted= Testing weight for the set 
Brzycki in 1993 formulated an equation for predicting a 1 RM. It is stated that the 
equation was derived from unpublished observations of two individuals (8). The subjects' 
characteristics and training status, research methods, and statistical analysis used to develop 
this equation are not known, as has been noted in prior research (21 ). These characteristics, 
methods, and analyses are also not known for the Epley, Lander, Lombardi, O'Connor, and 
Wathen equations (9, 14, 16, 20, 22). 
Mayhew et al. developed an equation for predicting a lRM from a repetitions-to-
failure test (17). Various populations were examined in this study. The equation was 
derived based on lifting data from 184 college men and 251 college women. These 
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individuals had completed a 14-week fitness course consisting of 20 minutes of aerobic 
training and 20 minutes of strength training each session, 3 days per week. Free weights and 
isotonic machines were both used to train the upper and lower body. The isotonic strength 
training was performed in a circuit in which 2 partners would train together. One partner 
would perform 10-12 repetitions of the exercise in 50 seconds while the other partner was 
resting for that 50 seconds. When the individual could perform more than 12 repetitions, the 
resistance was increased for the next workout so that the individual could still perform 10-12 
repetitions. The subjects of this study performed a lRM test using free weights. Three to 
five days after the lRM test was performed, a repetitions-to-failure test was performed. 
Subjects were randomly assigned testing loads by a computer program. These loads ranged 
from 55 to 95 percent of the lRM. This test was also performed in the same manner as the 
repetitions-to-failure test in the present study with one exception: the subjects were allowed 1 
minute to perform as many repetitions as possible, although it was noted in the study that 
most subjects reached muscular failure before the 1 minute was completed. 
In order to determine if the 1 RM prediction equation is valid over a broad range of 
subjects, the researchers performed cross-validation samples with several different groups. 
The first group consisted of70 college men and 101 college women from a later semester of 
the same fitness course that provided the study's original subjects. These individuals were 
tested at the end of their training program in the same manner as the original subjects. The 
second group consisted of 25 male high school athletes and 7 4 male high school non-athletes. 
These subjects completed a 6-week strength-training course similar to the program used with 
the original sample. These subjects performed a lRM test as prescribed for the original 
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subjects. Instead of using a testing load of 55 to 95 percent of IRM, the high school subjects 
used a load equaling 70, 80, or 90 percent of their lRM for the repetitions-to-failure test. 
The third group consisted of 56 first-year football players from an NCAA Division II team. 
These subjects were tested upon completing their winter conditioning program. This 10-
week program consisted of, but was not limited to, the squat, bench press, power cleans, and 
deadlifts. The training loads ranged from 80 to 95 percent of 1 RM and the repetitions 
performed ranged from 2 to 8 per set. The 1 RM for the bench press was tested as in the other 
subject groups, and the repetitions-to-failure test weights were 70, 75, 80, 85, or 90 percent 
of their IRM with a I-minute time limit. 
The statistical correlation between the number of repetitions performed and the 
percent of I RM was not significantly different between men and women; because of this the 
data for both groups were combined to develop the following equation: 
Percent IRM = 52.2 + 41.9*e"(-0.055*repetitions) 
Multiplying the amount of weight lifted for the test by I 00 and dividing this by this equation 
will predict the IRM from the repetitions-to-failure. The correlation coefficients between the 
actual and predicted IRM for all 5 of the subject groups in the cross-validation samples were 
greater than r = 0.90, with 4 of the 5 groups higher than r = 0.95. The equation also did not 
significantly over- or underestimate the IRM for any of these 5 subject groups. The 
researchers examined the relationship between percent of I RM and the number repetitions 
performed for all 3 of the cross-validation samples, finding no significant difference for any 
of the groups from the original equation. 
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When evaluating the Mayhew et al. study, one must consider what type of training the 
subjects performed, and whether the training was specific to the type of strength tests they 
performed. The original subjects in the study performed 20 minutes of aerobic training and 
20 minutes of strength training three days per week. The strength training consisted of higher 
numbers (10-13) of repetitions and was performed with free weights and weight machines. 
This was also true for all of the cross-validation sample groups except for the football 
players, who performed 2 to 8 repetitions of their exercises, using free weights for their core 
lifts. The subjects then had to perform a true 1 RM test even though they had done no 
training at loads of higher than approximately 75% of lRM. As stated previously, training 
with loads of these intensities, will train primarily the anaerobic glycolysis energy system, 
while training with lower repetitions and higher intensities will primarily train the ATP-CP 
system (7). It is necessary in the training program to train the energy system that will be 
used in the test or performance (11 ). It is also stated, "The more a particular energy system is 
stressed, the greater the improvement potential in performance of activities involving that 
energy system can be expected." This information would suggest that the subjects in the 
Mayhew et al. study may not have been metabolically prepared to optimize their performance 
in the lRM test. Since the subjects were randomly assigned testing weights ranging from 55 
to 95 percent of their 1 RM, they may not have been prepared for this test. Using these 
percentages and the Mayhew et al. equation that was developed in the study, the repetitions 
performed in this test would have ranged from 49 to 1. When using this equation to 
determine percent of 1 RM, 1 repetition performed would equal 92 percent. If an individual 
can only perform 1 repetition, and no more at a given weight, this would be their true 1 RM, 
and thus 100 percent of their 1 RM. 
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When examining the Mayhew et al. cross-validation samples, the same concerns arise 
regarding specificity of training and testing. The first cross-validation group contained male 
and female participants and was taken from the same class (a later semester), trained, and 
tested in the same manner as the original sample. The results of this group were not 
significantly different from the original group. The second cross-validation sample consisted 
of high school male athletes and male non-athletes. The study states that these individuals 
participated in a 3 day per week training program that was similar to the one performed by 
the original subjects. When the subjects performed the repetitions-to-failure test, they used 
weights equaling 70, 80, or 90 percent of their lRM. If these subjects' training was indeed 
similar to that of the original subjects, they most likely trained in the 70 percent of lRM 
range, but not in the 80 or 90 percent of 1 RM range. Because of this, they were not 
physically prepared to perform a lRM test or a repetitions-to-failure test using weights in the 
80 or 90 percent range. The third group was composed of NCAA Division II football 
players. These players trained for 10 weeks in the 80 to 95 percent of lRM range, 
performing 2 to 8 repetitions on their exercises. This type of training is more specific to a 
lRM test than the types of training used for the other groups. This group also performed the 
repetitions-to-failure test, and like the other groups, some of the percentages used for this test 
were not in the range that they had trained at. The repetitions-to-failure test was performed 
at 70, 75, 80, 85, or 90 percent of lRM. The football players did not train using loads of70 
or 75 percent of lRM, so it cannot be expected that the results of the subjects using the 
lighter loads would be as accurate as those using loads between 80 and 90 percent of 1 RM. 
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Based on findings by Hoeger et al., the intensities the individuals trained at in the 
Mayhew et al. study may not have been at a high enough percentage of their lRM to 
significantly affect absolute strength (12, 13). These researchers believe that training with 10 
or more repetitions will result in a greater capacity for local muscular endurance and have 
little effect on absolute strength. It is suggested that training at intensities near 80% of 1 RM 
is necessary to develop maximum strength when performing exercises that utilize a large 
volume of muscle mass. This supports the idea that individuals training with a lower weight 
and higher repetitions (10-12) would better express their strength in a test that utilized a 
higher number of repetitions than a lRM test. Individuals training with a heavier weight and 
lower number of repetitions would better express their strength through a 1 RM test than a 
repetitions-to-failure test that involves higher repetitions. According to Hoeger et al., the 
minimum threshold intensity for developing maximum strength may be approximately 80% 
of the lRM (12). 
Berger evaluated training with several different percentages of 1 RM in the squat and 
their effects on lRM (4). Male college students enrolled in a strength training class were 
tested for lRM in the squat before and after a 6-week training program. Subjects performed 
one repetition of the squat at varying intensities 3 times per week. The first group trained at 
66 percent of 1 RM the first two sessions and performed a 1 RM test the third session. The 
second trained at 80 percent of lRM for the first two sessions and performed a lRM test the 
third session. The third trained at 90 percent of 1 RM for the first two sessions and performed 
a lRM test the third session. The fourth trained at 100 percent of lRM for the first two 
sessions and performed a 1 RM test the third session. The fifth group trained at 66 percent of 
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I RM for all three sessions and performed a I RM test at 3 and 6 weeks of training. The sixth 
group performed a lRM test only once weekly. The seventh group was a control group and 
performed a I RM test before and after 6 weeks but did not perform any training during the 6-
week training program. 
All groups, except the control and the fifth group, significantly increased their I RM 
strength over the course of the training program. The groups that showed significant 
increases in strength did not differ significantly from each other at the end of 6 weeks. This 
led the researcher to believe that it did not matter what percentage of I RM the individuals 
trained at, as long a maximal (IRM) effort was performed at least once each week. When 
evaluating this study, however, there are some concerns, the main one being that the volume 
of work performed is very low compared to what has traditionally been utilized in strength 
training programs, with the highest training volume being 2 repetitions at I 00 percent of 
IRM and a IRM test each week. In an earlier study by Berger, bench press strength was 
shown to improve the most when incorporating a program of 3 sets of 6 repetitions, with the 
goal of reaching muscular failure at the sixth repetition of each set (2). More accurate results 
may have been achieved in the later Berger study (4) if the different groups had performed 
multiple sets using the assigned percentages. The groups performing lower number of 
repetitions at higher loads may have shown a larger improvement in strength than the other 
groups as was shown in the Hoeger et al. studies (12, 13). Two other minor drawbacks of the 
Berger study were the manner in which the squat exercise was performed (4). The range of 
motion of the lift was not corrected for height as all lifters performed the squat by starting 
with the bar placed 42 inches off the ground. By doing this, shorter lifters would have to 
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perform the lift through a smaller range of motion than taller lifters, making the performance 
of the lift less difficult for the shorter lifters. The second drawback is that the subjects only 
performed the concentric action of the exercise. Previous literature has reported that 
performing the eccentric action along with the concentric action of a strength exercise results 
in greater gains of strength than performing the concentric contraction only (10). 
Berger published two studies examining what number of repetitions and what 
combinations of sets and repetitions produced the greatest strength gains over the course of a 
training program (2, 3). These results also indicate that the training program performed by 
the subjects in the Mayhew et al. study (17) may not be as effective at developing 1 RM 
strength as programs utilizing between 3 and 9 repetitions. The first study examined 
different set and repetition schemes and their effects on strength gains made by male college 
students enrolled in a strength-training course (2). The subjects performed a bench press 
lRM test before and after completing a 12-week training program and also at 3, 6, and 9 
weeks. The subjects were assigned to 1 of 9 different bench press programs. Each group 
trained 3 times per week. Three groups performed only 1 set of bench press each training 
session. Three groups performed 2 sets of bench press each training session and 3 groups 
performed 3 sets of bench press each session. In each of the 3 groups, 1 group performed 2 
repetitions in each set, 1 group performed 6 repetitions in each set, and the third group 
performed 10 repetitions in each set. At the conclusion of the study, it was found that 
performing 3 sets of 6 repetitions at the individual's 6RM was the most effective method for 
increasing maximum strength. Using a similar sample group performing 1 set only of bench 
press 3 times per week, Berger found that upon completion of a 12 week training program, 
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performing 1 set of 4, 6, or 8 repetitions produced larger gains in lRM strength in the bench 
press than performing 1 set of 2, 10, or 12 repetitions (3). The data from these two studies is 
consistent with data from the Hoeger et al. (12, 13) studies indicating that the minimum 
threshold for developing maximum strength may be sets of less than 9 repetitions and this 
may better develop maximum strength than programs using higher number of repetitions and 
lighter loads such as in the Mayhew et al. study (17). 
Strength training programs are often undertaken in order to increase muscular 
strength. The Berger studies show the importance of selecting a proper intensity to train at in 
order to maximize strength gains (2, 3, 4). It was shown that at certain sets and repetitions, 
significant increases in maximal strength could be made, while these increases were not seen 
when utilizing other set and repetition schemes. It was also shown that the muscle must 
perform a maximal effort by using a maximal weight, or by performing sets of between 3 and 
9 repetitions at 100 percent of the respective 3 to 9 repetition maximum to significantly 
increase maximal strength. All sets in the studies were performed with the goal of reaching 
muscular failure on the last scheduled repetition of each set. In order to achieve this without 
guessing what weight to use, a percentage of 1 RM that correlates with the prescribed number 
of repetitions is needed to accurately assign training weights. This is important in training 
programs that vary the number of repetitions performed throughout the training cycle. For 
example, if a lifter is scheduled to perform 4 repetitions on each set during a cycle, for 
maximum results, the individual should use a weight that can only be performed 4 times. 
Using a weight that is lighter than this and only performing 4 repetitions, according to the 
Berger studies, will not result in a significant increase in strength (2, 3, 4). An efficient way 
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to know what weight to use to achieve 4 repetitions is to use a 1 RM prediction equation in 
reverse order by using the known IRM and number of repetitions that are desired to be 
performed (i.e. 4) to calculate the training weight that correlates with 4 repetitions. 
Calculating training weights by using percentages of the 1 RM can minimize the error that 
may be associated with self-selecting training weights and optimize the results of strength 
training programs. Because of this, it is of importance that the equations used to predict 
IRM and correlate repetitions with percentages of IRM are accurate enough to cover a wide 
variety of populations. If this is not possible, different equations may be needed for different 
populations to best estimate these values and thus, maximize potential strength gains. 
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METHODS 
Fourteen Division I football players and fourteen college males enrolled in a 
beginning weight training class participated in the study. The football players represented 
the trained lifters and the weight training class represented the novice lifters. All participants 
gave their informed consent to participate in the study. The trained group had completed a 7-
week periodized strength and conditioning program, which was individualized for each lifter. 
The core exercises for the strength program included bench press, hang cleans, back and 
front squats, military press, and incline bench press. Supplemental exercises included, but 
were not limited to: plyometric activities, various abdominal and neck exercises, lunges, 
single-leg squats, overhead squats, glute-ham raises, Romanian dead-lifts, weighted dips, 
chin-ups, rowing exercises and various dumbbell presses. Subjects performed between 8 and 
1 repetitions each set and between 3 and 5 sets on all of the core lifts. Subjects performed 4 
sets of 7 repetitions on bench press the first week, 4 sets of 6 the second week, 5 sets of 5 the 
third week, 5 sets of 4 the fourth week, 5 sets of 3 the fifth week, 5 sets of 2 the sixth week, 
and on the last week they performed 2 sets of 3, a set of2 and 2 sets of 1 repetitions. The 
percentage of lRM used on the last set each week ranged from 75 to 95 percent, with the 
intent that the individual would be able to perform only the prescribed number of repetitions 
and no more. At weeks 1 and 3, on the last set of bench press, each individual performed as 
many repetitions as possible until failure was reached in order to adjust that person's lRM, if 
necessary. 
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The novice lifters had completed approximately 3 months of a 4-month beginning 
weight training class. These individuals performed mainly multiple sets of higher repetitions 
(8-12) and were given an exercise menu to choose their exercises from. Over the course of 
the 3 months prior to the study, the lifters reported that they had trained primarily with free 
weights. Training sessions were performed between 3 and 5 days per week, lasting between 
45 minutes and 1 hour in duration. 
A free weight barbell was used to perform all bench press testing. Subjects were 
allowed to use any grip width. The lifter took the bar off the rack with the assistance of a 
spotter. The lifter then lowered the bar under control until it touched the chest and without 
bouncing the bar off the chest or raising the hips off the bench, returned the bar to its starting 
position with the arms locked out for a successful lift. No supportive gear was allowed for 
the lift except for taping of the wrists. Subjects performed a general warm-up prior to 
completing a specific warm-up. The specific warm-up consisted 1 set of 8 repetitions using a 
light weight, and a set of 5 and a set of 3 repetitions, both with a self-selected weight. The 
individuals then selected the weight they would use for their initial lRM attempt. Based on 
the performance of this attempt, the individual would select the weight for his next attempt. 
Subjects were allowed between 3 and 5 minutes rest between each attempt. Each individual 
performed between 3 and 5 attempts total, and the highest weight lifted successfully was 
recorded as the individual's lRM. This method of evaluating a person's lRM strength has 
been found to be reliable, r > 0.93 (6). 
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At least 48 hours following the 1 RM test, each individual performed the bench press 
repetitions-to-failure test (Tl). Subjects performed the same warm-up that was done for the 
lRM testing, but the weight used for the warm-up sets was lowered in accordance to the 
lower weight that would be used for the repetitions-to-failure test. Each subject performed as 
many repetitions as was possible until muscular failure was reached with a weight that was 
75.2 percent of their established lRM. Reliability for similar repetitions-to-failure tests have 
been shown to be higher than r = 0.82 (17, 18, 21). According to the Brzycki, Epley, Lander, 
and Wathen equations, an individual should be able to perform 10 repetitions at a weight that 
is 75 percent of their lRM. An estimated lRM was predicted from this test using the Epley 
equation. The predicted lRM = (0.752 * lRM * Tl repetitions* 0.033) + 0.752 * IRM. 
At least 24 hours following Tl, the subjects performed another repetitions-to-failure 
test (T2), using an adjusted test weight. The weight each subject used for the T2 test was 
based upon the number of repetitions they performed in Tl. 
T2 Weight= [0.752-0.02(10 -Tl repetitions)] * IRM 
A IRM was predicted from the T2 performance. The Epley equation was used to estimate 
this lRM: 
T2 Estimated lRM = (T2 weight* T2 repetitions* 0.033) + T2 weight 
Linear regression was used to develop I RM prediction equations for the trained and 
novice lifters. Pearson product-moment correlation coefficients were used to quantify the 
strength of the relationship between actual and predicted 1 RM. Significant differences 
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between the trained lifters and novice lifters were evaluated using independent sample t tests. 
Differences between the 1 RM and predicted 1 RM performances within each group were 
evaluated using paired t tests. The Root Mean Square Error (RMSE) was used to evaluate 
the accuracy of the prediction equations. 
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RESULTS 
Table 2 
Subject Characteristics 
Trained Novice 
Age (years) 20±1 21±2 
Height (cm) 186±7* 178±9 
Weight (kg) 107.5±19.5* 85.4±17.0 
Percent Body Fat (%) 14.5±6.0 17.7±6.1 
Fat Free Mass (kg) 91.0±11.2* 69.5±9.0 
lRM (kg) 149±22* 100±22 
Tl Repetitions (75%1RM) 5±2* 12±2 
Tl Predicted lRM (kg) 128±15*a 105±19a 
T2 Percent of lRM (%) 64±4* 80±5 
T2 Repetitions (T2%) ll±lb l l±lb 
T2 Predicted lRM (kg) 130±15*ab 106±18ab 
Values reported as Mean ± Standard Deviation 
* Trained data is significantly different than novice data at p<0.05 
a Tl and T2 values are significantly different from the lRM, within groups at 
f<0.05 
T2 values are significantly different from Tl values, within groups at p<0.05 
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The physical and bench press performance characteristics of the trained and novice 
lifters are shown in Table 2. The trained lifters differed significantly from the novice lifters 
in height, weight, fat free mass, lRM, repetitions performed at 75 percent of lRM, Tl 
predicted lRM, the percentage of lRM used for T2, and the T2 predicted lRM. Four of the 
novice lifters had a bench press 1 RM that fell within the range of 1 RM lifts performed by the 
trained subjects. When using the Epley equation to predict lRM, the Tl and T2 predicted 
lRM were significantly different from the actual lRM for both trained and novice lifters. 
The T2 predicted lRM for both groups was also significantly different from the Tl predicted 
lRM. 
Figure 1 shows the linear regression relationship between the 1 RM and T2 weight 
multiplied by the T2 repetitions for the trained subjects. An equation for predicting lRM can 
be derived from the linear equation relating 1 RM and T2 weight multiplied by T2 repetitions. 
When 10 repetitions are performed to failure, the following equation was developed to 
predict lRM in the trained lifters: 
Predicted lRM = (weight lifted- 11.4)/0.624 
Figure 2 shows the respective data for the novice lifters. The following equation 
was developed for the novice lifters to predict I RM when IO repetitions are performed to 
failure: 
Predicted IRM = (weight lifted-32.1)/0.504 
There was no significant difference found between the equations for the trained and novice 
lifters. The equation for the trained lifters should only be applied when the 1 RM is between 
100 and 210 kg. The equation for novice lifters should only be applied when the lRM is 
between 60 and 150 kg. 
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Figure 1. Relationship of lRM and T2Wt*T2Reps in trained lifters (n=14). 
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DISCUSSION 
The present study indicated that using a prediction equation to estimate 1 RM 
significantly underestimated 1 RM in trained lifters and significantly overestimated 1 RM in 
novice lifters. When attempting to correct for the under or overestimation, by adjusting the 
percent of 1 RM used for T2 in an attempt to achieve 10 repetitions, the correction resulted in 
a significantly greater than 10 repetitions performed in both trained (p<0.05) and novice 
(p<0.05) lifters. The equations developed to predict lRM when 10 repetitions are performed 
to failure for both trained and novice lifters were found to be linear, as are the Brzycki, 
Epley, Lander, and O'Connor et al. equations. The Mayhew et al. and Wathen equations are 
exponential. The equations developed in the present study, however, have a limited range in 
which they can be applied. Since the equations were based upon attempting to achieve 10 
repetitions when predicting 1 RM, they should only be applied when 10 repetitions are 
performed in the test. The equations also should only be applied when the lRM is between 
100 and 210 kg for trained lifters and between 60 and 150 kg for novice lifters. 
The Epley equation significantly under-predicted the lRM in trained lifters by an 
average 21.03 kg. The IRM for novice lifters was significantly over-predicted by an average 
of 4.10 kg. This over-prediction in novice lifters is similar to values found in prior research 
on trained and novice lifters (18, 21 ). Mayhew et al. found that the Epley equation over-
predicted the IRM by an average of2.7 kg in a composite sample of untrained men, trained 
men, wrestlers, soccer players, football players, high school boys, and middle-aged men (18). 
Within each group, 1 RM was significantly over-predicted in all groups except trained men, 
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whose lRM was insignificantly over-predicted and the high school boys, whose lRM was 
insignificantly under-predicted. In the Ware et al. study, the Epley equation significantly 
over-predicted the lRM by 4.8 kg in football players (21). LeSuer et al., however, found the 
Epley equation to significantly under-predict bench press lRM by 1 kg in untrained lifters 
(15). While this difference is small, the effect of fatigue was not accounted for. The lifters 
were untrained and had to perform both the lRM test and the repetitions-to-failure test in the 
same testing session. These two tests are generally performed on separate days in order to 
remove any effects that fatigue may have on the performance of the second test (12, 13, 17, 
18, 21). 
Due to the effects of different types of training programs, the trained subjects in the 
present study may have been better prepared to express their maximal strength than the 
novice lifters when performing a lRM test. The trained subjects performed a periodized 
strength program, in which volume was decreased (total number of repetitions performed) 
and intensity (resistance used) increased as the subjects progressed through their training 
program. The novice lifters had performed a self-selected strength program, consisting 
primarily of multiple sets of 8 to 12 repetitions. Prior research has shown that performing a 
periodized strength-training program can result in significantly larger increases in maximal 
strength (25). Using subjects with recreational strength training experience, researchers 
found that performing a periodized program which ranged from 5 sets of 10 repetitions to 3 
sets of 4 repetitions resulted in significantly greater increases in isotonic strength relative to 
body weight in the bench press and squat than training programs consisting of 5 sets of 10 
repetitions or 6 sets of 8 repetitions. The latter two groups performed programs that would 
have been similar to the training performed by the novice lifters of the present study, who 
were better able to express their strength by performing a repetitions-to-failure test than a 
1 RM test. The training performed by the periodized group would have been similar to the 
program performed by the trained lifters in this study, who were better able to express their 
strength by a lRM test rather than a repetitions-to-failure test. 
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According to these findings, varying the number of sets and repetitions performed can 
have a significant impact on increasing strength. The total volume performed by the 
periodized group during the first 8 weeks of the study was similar to that of the other two 
groups. During the final 8 weeks of training, the resistance was increased and the total 
volume decreased in the periodized group, which then went on to show significantly larger 
increases in lRM performance. These findings are consistent with earlier research on the 
effects of different set and repetition schemes on 1 RM strength. Prior studies have shown 
that subjects who performed between 3 and 9 repetitions per set improved maximum strength 
significantly more than subjects who performed 10 or more repetitions per set, much like the 
novice lifters in the present study (2, 3). 
Because of this discrepancy between the ability to express maximal strength by 
performing a lRM in trained lifters and by performing a repetitions-to-failure test in novice 
lifters, there may be a need for separate equations to predict 1 RM for each group. There is 
also a large discrepancy in maximum isotonic strength and training methods between the two 
groups that would appear to justify the necessity of having different equations for both 
groups. Data from the present study resulted in the following equation to predict lRM in 
trained lifters: 
Predicted lRM = (weight lifted- 11.4)/0.624 
The following equation was developed for use by novice lifters: 
Predicted lRM = (weight lifted- 32.1)/0.504 
These equations should only be used to predict 1 RM when 10 repetitions are performed, 
reaching muscular failure, and when the predicted 1 RM falls in the range of 100 to 210 kg 
for the trained lifters and 60 to 150 kg for the novice lifters. 
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Although different equations were developed, no significant difference was found 
between the equations for the trained and novice lifters. This was believed to be due mainly 
to the small sample size (n = 14) of each group. The data also indicate that the group of 
novice lifters may actually be made up of both novice lifters and individuals whose 
characteristics and performance are more like those of the trained lifters. This also may have 
been a reason for the insignificant difference between the two equations. Although these 
equations are not significantly different, it must be remembered that they are only accurate to 
predict lRM values that fall within the range of values given above. The ranges for each 
equation only overlap between 100 and 150 kg. At values that do not fall within this range, 
the separate equations may be needed to predict 1 RM accurately for the respective groups. 
Data from the present study led the researchers to believe that the group of novice lifters may 
not have been made up entirely of novice lifters. The characteristics of some of the novice 
lifters were more like those of the trained lifters, indicating a training status that was more 
advanced than the rest of their training group. Because these differences may not be easily 
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detected, as was the case in the present study, it would be beneficial to have a single equation 
that could accurately predict lRM in more than one population. When the data from both 
groups are combined, a new equation can be developed to predict 1 RM in a more general 
population: 
Predicted lRM = (weight lifted- 31.4)/0.498 
The R2 and Root Mean Square Error for this equation are 0.85 and 6.9 kg, respectively. This 
equation could be used to predict 1 RM when the training status of the individual is not 
known, or if it is being used with a group that contains a combination of both trained and 
novice lifters. Like the trained and novice equations, this equation should only be used when 
10 repetitions are performed in the test and when the 1 RM occurs in the range of 60 to 210 
kg. This equation covers a larger range of potential lRM values than the separate equations, 
and with the ability to be used with both novice and trained lifters, has a larger range of 
application than the individual equations. 
The Mayhew et al. equation was developed to predict 1 RM from a repetitions-to-
failure test in a wide variety of individuals. Data from college-aged individuals who had 
completed a 14-week fitness course were used to develop the equation. Although the intent 
of the equation was to cover a wide range of individuals of different training levels, it was 
designed based on data from a specific group whose members all had completed a training 
program consisting mainly of sets of 10 or more repetitions. Ware et al. found when 
studying the Mayhew et al. equation that this general equation may not be accurate enough to 
be used by a highly trained population such as the one in the present study (21 ). These 
researchers found that this equation significantly under-predicted bench press 1 RM in college 
football players. Based on these results and the results found in the present study regarding 
the accuracy of the Epley equation, both equations may not be able to accurately predict 
30 
1 RM in highly trained subjects, supporting the theory that different equations may be needed 
to predict 1 RM for trained and novice lifters. 
Due to time constraints, lack of proper supervision, or lack of proper physical 
preparation for a IRM test, it may be more beneficial for a lifter to perform a repetitions-to-
failure test and use one of the available 1 RM prediction equations to estimate their 1 RM. 
Because it is a common practice to assign training weights based on a percentage of 1 RM, it 
is necessary to know the IRM with some degree of accuracy in order to maximize the 
potential results of a training program. 
The findings of this study indicate that the Epley equation did not accurately predict 
1 RM in both trained and novice lifters. Different equations were developed to predict 1 RM 
in trained and novice lifters, however, due to small sample sizes and the possibility that 
several of the novice lifters were more highly trained than the other novice lifters, no 
significant difference could be found between the IRM prediction equations for the trained 
and novice lifters. Because of this, the data from all 28 subjects was combined to develop a 
single equation that would cover both the trained and novice lifters when 10 repetitions are 
performed in repetitions-to-failure test. This equation should be better able to predict IRM 
in a wide variety of individuals when their training status is not known, or is not able to be 
accurately determined, than the separate trained and novice equations. 
CONCLUSION 
Although the equations developed in the present study are able to predict 1 RM with 
some degree of accuracy for their respective groups when 10 repetitions are performed to 
failure, individual differences exist and there is error associated with the prediction 
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equations. When these equations are used, they should accurately predict 1 RM within a 
range of ±7.0, ±6.4, and ±6.9 kg for the trained, novice, and combined lifting groups, 
respectively. If percentages of the predicted lRM are used to assign training weights, the 
estimated lRM may need to be adjusted for different individuals in order for the assigned 
percentages used in the training program to correctly correlate with the desired number of 
repetitions to be performed. When these three equations are used with groups similar to 
those evaluated in the present study and with error associated with each equation, they should 
be an accurate method to estimate lRM from a repetitions-to-failure test. 
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